was synthesized according to the published method (42). The compound had an EC50
192
for S1P1 of 0.13 nM, was > 100-fold selective versus S1P5, and was 10,000-fold
193
selective versus S1P2, 3 and 4, when assayed as described (43 Indianapolis, IN, USA) was infused three times, and the fluid was then recovered.
202
Harvested BALF was clarified by centrifugation at 3000 x g for 3 min at 4°C, and the 
Results

293
TNF-α and IFN-γ are essential for initiating cytokine storm during PVM-infection.
294
To characterize the cytokine(s) that exacerbate the PVM-induced cytokine storm, we 295 infected C57Bl/6 mice with 1.5 x 10 3 PFU of recombinant PVM (rPVM) strain 15 i.n. to TNF-α were at background levels until day 5 after infection, at which point all cytokines 300 were elevated above background (Fig. 1A and 1B) . TNF-α was found on day 4 after 301 infection, whereas the cytokine produced at the highest concentration at any time point 302 was IFN-γ (Fig. 1A) . This result indicated that cytokine storm was primarily initiated 5 303 days following PVM-infection with TNF-α and IFN-γ likely major participants in the 304 process ( Fig. 1A and 1B) . Importantly, enhanced levels of PVM over the amount inhibited by anti-TNF-α and/or anti-IFN-γ antibody administration (Fig. 1F) . Numbers of 317 innate immune cells expressing the activation molecules CD69 (Fig. 1G) and MHC
318
class II (Fig. 1H) were significantly reduced when TNF-α and/or IFN-γ were neutralized.
319
These results demonstrated that cytokine storm was not initiated during the early innate above background until day 5 post-infection or later ( Fig. 2A) , a time that coincided with 327 emergence of cytokine secretion (Fig. 1A and 1B) . Further, innate immune cells 
331
Both activated CD69 + NK cells (Fig. 2B) and effector CD44 + CD8 + T cells (Fig. 2C) 
332
were present above background amounts in the lung on day 5 following infection with
333
PVM. Indeed, TNF-α + as well as IFN-γ + NK cells (Fig. 2D) and CD8 + T cells (Fig. 2E) 
334
occupied the lungs of PVM-infected mice in significantly greater frequencies than found (Fig. 2F) .
341
Antibody depletion of NK cells did not significantly reduce the cytokine content ( Fig. 2H   342 and 2G). In contrast, depletion of CD8 + T cells resulted in significant reductions of both
343
TNF-α and IFN-γ (Fig. 2H) , as well as IL-1α and IL-6 (Fig. 2G) . Antibody depletion of 344 both NK cells and CD8 + T cells provided the greatest blunting of all cytokines ( Fig. 2H and 2G). IFN-α production was significantly hampered (Fig. 2G) significantly decreased the number of innate inflammatory cells (Fig. 2I) as well as 349 expression of activation molecules on such cells (Fig. 2J) . NK cell depletion reduced (Fig. 3A) . In addition, fewer activated CD44 + CD8 + T cells and CD69 + NK cells
369
were retrieved from the lungs of RP-002-treated mice (Fig. 3B) fewer TNF-α single-or TNF-α/IL-2 dual-producing cells (Fig. 3E) , reduced percentages 382 of granzyme B + cells (Fig. 3E) , decreased TNF-α and IL-2 as well as lower granzyme B 383 content within cells positive for their respective effector molecules (Fig. 3F) .
384
RP-002 treatment of PVM-infected mice significantly inhibited the secretion of 385 TNF-α and IFN-γ, as well as the cytokines CCL2, CCL5, CXCL10, IL-1α and IL-6, within 386 the BALF on day 5 post-infection (Fig. 3G) . IFN-α production was not significantly 387 affected by RP-002 treatment (Fig. 3G) and was therefore by itself not sufficient to fewer cells producing granzyme B (Fig. 4C) . Further, the mean fluorescence intensity
408
(MFI) of TNF-α from TNF-α + CD8 + T cells from RP-002 recipients was significantly 409 lower than in vehicle-treated mice (Fig. 4D) (Fig. 4E) .
413
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As observed at day 5 in the MLN and day 8 in the lung, RP-002-treated mice had 414 fewer PVM-specific CD8 + T cells (Fig. 4F) , and such cells displayed reduction of TNF-α,
415
IL-2, and granzyme B + expression compared to vehicle treated mice (Fig. 4G) . In effector molecules (Fig. 4H) . Thus, the S1P1R agonist inhibited PVM-specific CD8 + T 419 cell differentiation and effector molecule generation within the MLN that preceded the 420 diminished CD8 + T cell-mediated inflammation in the lung. (Fig. 5B) , LDH enzymatic activity (Fig. 5C) , and IgM content 450 in their BALF (Fig. 5D ) when evaluated against vehicle-treated PVM-infected mice at 451 day 8 after infection.
452
Vehicle-treated mice infected with PVM exhibited rapid weight loss beginning on 453 day 6 post-infection (Fig. 5E) . By contrast, PVM-infected mice receiving RP-002 454 displayed significantly less weight loss on days 7-16 after infection (Fig. 5E) . While (Fig. 5F) . Importantly, although the immune response was dampened,
461
administration of RP-002 did not significantly alter PVM titers in the lungs on days 5 and 462 8 after infection (Fig. 5G) . 
486
First, that earlier than day 5 after infection, PVM was not replicating or, second, PVM 487 suppressed the innate inflammatory response. We found PVM was detected in the lung 488 at day 3 post-infection at levels greater than the amount of the virus inoculum (Fig. 1D) 
489
indicating the first possibility was unlikely. The second possibility is more probable as (Fig. 1A) and antibody neutralization of TNF-α and/or IFN-γ inhibited this IFN-α 504 production (Fig. 1B) . Thus, TNF-α and IFN-γ secretion preceded and was required for was the essential mechanistic trigger for PVM-induced cytokine storm.
507
The early cellular source of TNF-α and IFN-γ was primarily from CD8 + T cells,
508
and to a lesser extent NK cells (Fig. 2H) after infection (Fig. 2E) ; indicating that activated antigen-presenting cells (APCs)
515
displaying PVM antigen have migrated to draining lymph nodes early following infection.
516
While it is unclear how APCs became activated and presented PVM antigen without 
529
Cytokine secretion and the accumulation of innate ( Fig. 1-3 ) (29) and adaptive 530 immune cells (Fig. 1-3 acted through S1P3 or 4 R but was independent of S1P1R signaling (37). Therefore, ( Fig. 4C and D) . We conclude that S1P1R signaling caused the generation of both 
597
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